Introduction
An understanding of the energy and moisture budgets in the area poleward of 60øS (Figure 1 ) is important to atmospheric, glaciological, and oceanographic studies. Improved estimates of mass and energy transfer rates in the polar regions eventually become inputs to dynamic models such as general circulation models and enhance the potential use of such models in assessments of global change [e.g., Trenberth, 1992a] . The paucity of in situ data available at these latitudes, however, severely limits model evaluation and thus brings into question the validity of dynamic models for southern hemisphere study. Previously, the atmospheric net transport of water vapor (and latent heat) had been estimated using upper air data from stations distributed in two zones, with mean latitudes of approximately 46øS and 71øS. Some estimates have included comparisons with estimates of surface precipitation In this study we present two estimates of net vapor transport following different approaches (Figure 2 ). One is a moisture flux estimate using numerical analyses from operational weather centers. The other is a composite estimate of transport divergence in which terms obtained using surface and nearsurface data for the area between 60øS and 70øS are combined with a previous estimate of transport across 70øS [Giovinetto et al., 1992] . It should be noted that all four authors have contributed to similar preceding studies for 70øS, but this study is their first for 60øS in which the moisture flux estimate is compared to an estimate of transport divergence for the whole area. Rates of surface precipitation over the ocean area and of net surface accumulation (surface mass balance) for the ice sheet area correspond to climatic means available in the literature; the rate of evaporation for the ocean area is estimated using climatic means of sea ice distribution and sporadic sitespecific determinations of latent heat flux; drifting snow transport across the ice terminus lying north of 70øS is estimated using surface wind and snow transport models derived from a combination of climatic and synoptic data [e.g., Bromwich, 1990 Three other studies have employed numerical analyses to study atmospheric moisture fluxes near Antarctica. Masuda [1990] estimated moisture and energy transports across 70øS using ECMWF data for 1979. Yamazaki [1992 Yamazaki [ , 1994 The results of the numerical analyses presented in this paper indicate flux values for 60øS and 70øS that are greater than those reported almost in all previous analyses from atmospheric observations (Table 2) . Bromwich et at. [1995] show that the latitude of maximum zonally averaged precipitation minus evaporation (P-E) in the southern hemisphere occurs farther south in the ECMWF and NCEP analyses than in previous studies, in part due to the impact of the Antarctic coastal topography on cyclonic activity. In addition, satellite observations are a critical source of information for the Southern Ocean, and the incorporation of these data into the numerical analyses likely produces results which are superior to those derived solely from the sparse rawinsonde network [Starr et Results presented in Table 2 highlight the importance of satellite data and comprehensive assimilation in data-sparse regions.
Surface Data Estimate
The surface data used to estimate particular terms are first integrated specifically for the zone between 60øS and 70øS. In this work we follow the procedures described in a preceding study [Giovinetto et al., 1992] terminus (grounded ice or ice shelf) , which in the sector 25øE -160øE needs to be assessed in the particular context of this study (Figure 2b) . First, drifting snow blowing seaward across the ice terminus is treated as an extra contribution to precipitation on the ocean area; it should be noted that drifting snow mass is not a part of estimates of either net accumulation on the ice sheet or of precipitation on the ocean area. Second, drifting snow blowing seaward across the ice terminus is reduced by an amount equal to drifting snow that enters the sector of reference, blowing northward across 70øS ß this is because its contribution to divergence has been included in a previous estimate of transport divergence for the area poleward of 70øS [Giovinetto et al., 1992 ] that will be added in toto (Table 3) .
in the sector 25øE-160øE has three main sources: (1) water vapor advected southward across the ice terminus which after condensation and precipitation in the area north of 70øS reaches the sea blowing noahward across the terminus' (2) surface snow from preceding deposition events which is deflated principally by impact of snow grains already in motion; and (3) drifting snow blown noffhward across 70øS.
The snow mass from the first two sources does not contribute 0Maximum and minimum transports were obtained from a model decribed by Kobayashi [ 1978] .
to net accumulation and therefore needs to be added as a part of the moisture transport divergence. The snow mass from the third source has already been accounted for in the net atmospheric water vapor advected southward across 70øS.
The surface wind and snow transport models used in the previous estimate of drifting snow across 70øS [Giovinetto et al., 1992] are used here without modification (Table 6) The summation of the terms 1-4 listed above is 11.79 Tt yr -1 ( The agreement between the NCEP and ECMWF numerical analyses for 60øS is in large part due to the assimilation of the same satellite data. However, the values at both 60øS and 70øS are obtained from differing assimilation schemes, and thus the agreement indicates that the computed transport does not suffer from a significant dependence on the assimilation methods employed. In the following sections we concentrate the discussion on mean precipitation and evaporation estimates in the ocean area between 60øS and 70øS. 
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